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Abstract 
Improved Poynting’s vector method without movements was proposed to measure ac losses of HTS tapes, formed 
into a short straight or a solenoidal coil, which were carrying ac transport currents under transverse ac magnetic fields. 
In the previous Poynting’s vector methods, for a short straight case two sets of both potential lead pairs and pickup 
coils were rotated around tapes in order to measure local energy flow densities, i.e., the distribution of Poynting’s 
vector; for a solenoidal coil case two sets of both potential lead coils and spiral pickup coils were shifted to the coil 
axis direction by one winding pitch of the solenoidal coil. During moving these sets at low temperature, the data 
acquisition system was working and the value of ac losses was finally obtained. These previous methods, therefore, 
have inconveniences such as much time to get the value, much space needed for moving sets, or frequent troubles of 
movements due to low temperature deformation. The present method based on the following idea can resolve them: 
as for pillar parts of potential lead lines which are standing on the tape surface, only one plays a substitute role for all 
as long as all lines are connected together. As a result, immovable arrays of sets can be rigidly arranged, so that the 
signal measured at each position can be simultaneously. Moreover, information enough to clarify the electromagnetic 
behavior inside the tape can be obtained, because the sets can put more closely to the tape surface. The validity of the 
present method was confirmed by preliminary experiments using Bi-2223 multifilamentary tapes in liquid nitrogen. 
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1. Introduction 
Large scale applications of high temperature superconductors (HTS) have been of considerable 
concern, especially for transformers, motors, power transmission lines, and so on. These are fabricated by 
using HTS tapes such as Bi-2223 multifilamentary tapes or YBCO tapes. Under practical machine 
operation, these tapes are exposed to various external conditions of transport currents and magnetic fields. 
In order to measure ac losses or electromagnetic properties of these tapes, samples of short, straight 
shapes or solenoidal coil shapes are generally used. 
For the transport-loss measurement of short, straight tape samples, the ‘four probe method’ is usually 
used because of convenience [1]. Potential-leads standing on the tape surface (we call the only straightly 
standing part ‘pillar part’ in this paper) should be relatively high for the self-field so as to have only 
circular components at the highest position where a pair of leads meets each other. The ‘spiral potential-
lead method’ has also been used, which has the merit that the potential lead standing on the surface need 
not be so high [2]. For measurement of losses produced in more general cases, such as simultaneous 
sweep of transport currents and transverse magnetic field, the existence of two or more power sources 
providing loss energies into samples makes measurements difficult. For such a complicated case, our 
original Poynting’s vector method [3-5], applicable to not only a short, straight sample but also a coil 
shape sample, is a relatively superior method compared to the ‘non-inductive coil method’ [6]. However, 
the Poynting’s vector method has demerits which will be shown later in detail. 
The purpose of the present paper is to improve the previous Poynting’s vector method with demerits in 
order to measure ac losses in HTS tapes. In this paper, the demerits of the previous method were shown, 
and improved methods were introduced for two cases of a short, straight sample and a solenoidal coil 
sample in Sec. 2. In order to confirm experimentally the validity of these improved methods, the 
preliminary measurements using Bi-2223 multifilamentary tapes were carried out as shown in Sec. 3. 
2. Improved Poynting’s vector method 
Short or long HTS tapes carrying ac transport currents under transverse ac magnetic fields are 
considered here. In the Poynting’s vector method, electromagnetic phenomena of the tape, which vary 
over its cross-section, are assumed to be unchanged along the tape axis; that is, the uniformity of 
electromagnetic properties of the tape should be kept along the axis. Improved Poynting’s vector methods 
proposed in the present paper are schematically shown in Figs. 1(a)-(d) for a short, straight tape and Fig. 
2(a) for a solenoidal coil. 
2.1. Method for a short, straight tape 
According to the electromagnetism, the fundamental method to measure Poynting’s vector surrounding 
the straight tape should be constructed as shown in Fig. 1(e), where the Poynting’s vector can be 
measured in principle by using arrays of immovable sets of both potential lead lines and pickup coils; ac 
losses produced inside tapes can be obtained from the distribution of the Poynting’s vector in the circular 
direction. This fundamental method is unpractical because it is difficult to connect a lot of pillar parts of 
potential leads to the tape surface. In our previous method [3] proposed as a practical one, shown in Fig. 
1(f), the distribution of the Poynting’s vector is measured by using two movable sets consisting of both a 
potential lead line and a pickup coil. When the potential lead crossbar is moving in the circular direction 
around samples for measurements, a pair of pillar parts is necessarily tilted according to the movement of 
the crossbar. A pillar part of potential leads (standing on sample surfaces) has a special structure enabling 
expansion and contraction when the potential lead crossbar is moving in the circular direction around 
1536   F. Sumiyoshi et al. /  Physics Procedia  36 ( 2012 )  1534 – 1539 
samples for measurements. However, this method has demerits that moving mechanism is complicated 
and is easily broken at low temperature like liquid-nitrogen temperature; Additionally, high sensitivity of 
measurements is lost because the movable set goes away from flat surfaces of tapes. 
In the improved method shown in Figs. 1(a)-(d), arrays of immovable sets of both pickup coils and 
potential lead lines are adopted; All of them are made by fine copper wires. The long and slim pickup coil 
wound along the straight holder/bobbin is attached to measure a component of local magnetic fields in a 
circular direction around tapes. The potential lead line to measure local electric fields is constructed from 
a pair of pillar parts, a crossbar part and an additional pair of connection parts. Only one pair of pillar 
parts of potential leads standing on the tape surface; one pillar part is connected to one end of all potential 
lead crossbars which are placed closely to the pickup coil, and the opposite pillar part to the opposite end 
of them. Due to the connection among potential lead crossbars, one pillar part plays a substitute role 
although the other pillar parts as shown in Fig. 1(e) are removed. This improved method can remove the 
demerits of our previous method mentioned above; simple and solid apparatus can be obtained. 
Additionally, more sensitive measurements compared with the previous method can be easily achieved 
because the immovable set array can approach closely to flat surfaces of tapes without complicated 
mechanisms.  
2.2. Method for a Solenoidal coil 
According to the electromagnetism, ac losses produced in sample coils can be obtained from the 
distribution of the Poynting’s vector surrounding the sample coil winding; the Poynting’s vector can be 
measured in principle by using two arrays of immovable sets of both potential lead lines and pickup coils 
as shown in Fig. 2(b), where two arrays are put at inner and outer sides of sample coil windings and the 
measurements carry out for a few turns near center windings of sample coils. However, it is difficult to 
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Fig. 1. (a)-(d) The improved Poynting’s vector method for a short, straight tape, where (c) is a three-dimensional figure of arrays
of potential lead lines and pickup coils, (a) represents cross-sections of (c), and both (b) and (d) represent partial enlargements of 
(a) and (c), respectively. (e) The fundamental method to measure Poynting’s vectors around a short, straight tape. (f) The 
previous Poynting’s vector method for a short, straight tape [3]. 
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connect a lot of pillar parts of potential leads to the sample surface, so that this fundamental method based 
on principle is unpractical. A practical method of the Poynting’s vector measurement for solenoidal 
sample case given previously by us [4, 5], use two movable sets consisting of both a potential lead line 
and a pickup coil, made by fine copper wires, as shown in Fig. 2(c). A pillar part of potential leads 
standing on sample surfaces has a special structure enabling expansion and contraction when the potential 
lead coil is moving along coil axes for measurements. However, moving mechanism is complicated and is 
easily broken at the circumstance of low temperature (e.g. in liquid nitrogen).
In the improved method shown in Figs. 2(a), two arrays of immovable sets of both pickup coils and 
potential lead lines are put at inner and outer sides of sample coil windings. All of them are also made by 
fine copper wires. The long and slim pickup coil is wound along the solenoidal shape bobbin to measure a 
component of local magnetic fields in a solenoid-axis direction. The potential lead line to measure a 
component of local electric fields in a tape axis direction is constructed from a pair of pillar parts, a coil 
part and an additional pair of connection parts. One end of the pillar part of potential leads is connected to 
the tape surface and the other end to the coil part with a few turns which are placed closely to (and along) 
the pickup coil of each side. This improved method can remove the demerits of our previous method 
mentioned above; As a result, a simple and solid apparatus with a high sensitivity can be obtained. 
3. Preliminary experiment to confirm the present method 
In this section, the preliminary experiments on the HTS tape carrying ac transport current in a liquid 
nitrogen are shown in order to confirm the validity of the present method. This simple situation is not 
enough but valuable to demonstrate the validity of improved method. 
3.1. Experiment for a short, straight tape 
Measurements of Poynting’s vectors for a short, straight tape was carried out using Bi-2223 
multifilamentary tapes with the following parameters: Filament number inside the tape was 121, the tape 
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Fig. 2. (a) The improved Poynting’s vector method for a solenoidal coil, where cross-sectional figures are represented for arrays 
of both potential lead lines and pickup coils. (b) Fundamental method to measure Poynting’s vectors for a solenoidal coil (c) 
The previous Poynting’s vector method for a solenoidal coil [4, 5]. Only right hand side figure is shown for (b) and (c). 
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width and thickness were 4.2 mm and 0.22 mm, respectively, Ag ratio was 2.4, the tape sheath materials 
are Ag alloy and the critical-currents at 77 K at zero magnetic fields was 116 A. The samples length was 
100 mm and the distance between a pair of potential lead pillars was 50 mm. 
Figures 3(a)-(c) are an example of signals observed for the case of transport currents with 70 Hz and 
20 Arms, where resistive components of local electric fields in the direction of tape axes (Fig. 3(a)), local 
magnetic field in the circular direction around tapes (Fig. 3(b)) and local Poynting’s vectors (Fig. 3(c)) 
are shown with respect to the position shown in these figures. In particular, distributions of these three 
quantities suggest us that electromagnetic phenomena of the sample tape vary over its cross-section. 
Taking account of the almost uniform distribution of three signals observed by the previous method [3], 
the present method is more sensitive than the previous one. 
Moreover, the loss value given from the sum of these Poynting’s vectors agreed well with the 
theoretical one, which results in confirming validity of the improved method for a short, straight tape. 
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Fig. 3. Examples of observed local distributions; (a) and (d) are resistive components of electric fields, (b) and (e) magnetic
field distributions, and (c) and (f) Poynting’s vector distributions, where (a)-(c) and (d)-(f) are for cases of a short, straight
tape and a solenoidal coil, respectively. 
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3.2. Experiment for a solenoidal coil 
In this experiment, one-layer solenoidal coils wound loosely with the Bi-2223 multifilamentary tape 
were used. More detail parameters of a sample coil used here were as follows: Total number of turns was 
12, inner diameters and lengths of coils are 80 mm and 124 mm, respectively, winding pitches are 10 mm 
and the critical current of coils are 103.8 A at 77 K. 
Figures 3(d)-(f) are an example of signals observed for the case of 70 Hz and 15 Arms, where resistive 
components of local electric fields in the circular direction surrounding coil axes (Fig. 3(d)), local 
magnetic field in the direction along coil axes (Fig. 3(e)) and local Poynting’s vectors are presented with 
respect to the position shown in the figure(Fig. 3(f)); Open circles and closed circles correspond to signals 
for the inner surface and for the outer surface of the sample coil, respectively. 
The loss value given from the sum of these Poynting’s vectors agreed well with the theoretical one, 
which results in confirming validity of the improved method for a solenoidal coil as well as that for a 
short, straight tape. 
4. Conclusion 
Improved Poynting’s vector methods were proposed to measure ac losses of HTS tapes, formed into a 
short straight or a solenoidal coil, which were carrying ac transport currents under transverse ac magnetic 
fields. This improved method can remove the demerits of our previous method; As a result, a simple and 
solid apparatus can be obtained. The validity of the improved method was confirmed experimentally 
using Bi-2223 multifilamentary tapes in liquid nitrogen. (More detail data and comparison between 
experiment and theory will be shown and discussed in a forthcoming paper.) 
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